Current models suggest that (i) filamentous bacteria are protected against predation by nanoflagellates, (ii) prey size is positively correlated with prey-predator contact probability, and (iii) contact probability is mainly responsible for size-selective predation by interception-feeding flagellates. We used five strains of filamentous bacteria and one bacterivorous nanoflagellate, Ochromonas sp. strain DS, to test these assumptions. The five strains, including one spirochete and four Betaproteobacteria strains, were isolated by the filtration-acclimatization method. All five strains possess flexible cells, but they differ in average cell length, which ranged from 4.5 to 13.7 m. High-resolution video microscopy was used to measure contact, capture, and ingestion rates, as well as selectivity of the flagellate feeding. Growth and feeding experiments with satiating and nonsatiating food conditions, as well as experiments including alternative well-edible prey, were performed. In contrast to predictions by current models, the flagellate successfully consumed all the tested filamentous strains. The ingestion rate was negatively correlated with bacterial length. On the other hand, the lengths of the filamentous bacteria were not positively correlated to the contact rate and capture rate but were negatively correlated to ingestion efficiency. In experiments including alternative nonfilamentous prey, the flagellates showed negative selection for filamentous bacteria, which was independent of food concentration and is interpreted as a passive selection. Our observations indicate that (i) size alone is not sufficient to define a refuge for filamentous bacteria from nanoflagellate predation and (ii) for the investigated filamentous bacteria, prey-predator contact probability could be more influenced by factors other than the prey size.
Bacteria and bacterivorous protozoans are the basic components of microbial food webs. Among the bacterivorous protists, the bacterivorous nanoflagellates are known as a major factor influencing both the bacterial community structure and the bacterial standing stock (20, 32, 37) . The size of bacteria is an important trait that strongly influences the predation of bacteria by protists. Nanoflagellate grazing on bacteria has been shown to be in general size selective, with a preference for medium-sized bacteria (10, 13, 14, 35) . Large-sized bacteria, such as filamentous bacteria (15, 16, 18) and microcolony forming bacteria (19) , may exceed a species-specific upper ingestion limit of the flagellates, thus providing these bacteria with a refuge from grazing.
The bacterial size equivalent to the upper grazing limit is not well known, not even for otherwise well-investigated flagellate species. Matz et al. have observed an upper ingestion limit of 2.72 m for Spumella sp. (26) . Pernthaler et al. have suggested the division of the natural bacterial communities into several functional sizes that include small cells (Ͻ0.4 m) and "grazing-vulnerable" (0.4 to 1.6 m), "grazing-suppressed " (1.6 to 2.4 m), and "grazing-resistant" bacteria (Ͼ2.4 m) (30) . Several size limits for the separation of grazing-sensitive and protected bacteria were used in a variety of publications, and range from 2.4 m to 10 m (20) . Despite this ambiguity in the upper grazing size limit, a consensus exists among microbial ecologists, who agree that filamentous bacteria are in general protected against predation by nanoflagellates (15, 16, 17, 18, 20, 23, 24, 36, 38, 39) . This consensus is supported by a few direct microscopical observations of the interaction of nanoflagellates with filamentous bacteria (2) .
Size-selective feeding of nanoflagellates is generally considered a result of predator-prey contact probabilities and uptake limitations of the predator. Theoretical models predict that the contact probabilities in general increase with prey size (11) and, therefore, that the clearance rates increase within a certain size range (10, 12, 13) . Such contact probabilities have rarely been demonstrated, however, due to methodological limitations. Live observation techniques provide detailed information on every step (contact, capture, and ingestion) in the feeding process of flagellates (2, 3) . So far, the relationship between prey size and contact probabilities has been investigated in only a few experiments with relatively narrow prey size ranges (i.e., 1.30 m to 2.88 m) (26) .
In this study we tested whether filamentous bacteria are indeed well protected against predation by bacterivorous nanoflagellates. We isolated five strains of filamentous bacteria, which range in mean length from 4.5 to 13.7 m. Predation by the direct-interception-feeding nanoflagellate Ochromonas sp. strain DS on these filamentous bacteria was investigated in the absence and presence of an alternative well-edible prey (Pseudomonas putida MM1). Video microscopy was used for detailed analysis of each single predation step (contact, capture, and ingestion). Because it was previously demonstrated that food selection by flagellates occurs especially at a high food concentration (5, 25), we performed experiments under both conditions, satiated and nonsatiated prey abundance.
MATERIALS AND METHODS
Microbial strains. Five strains of filamentous bacteria were isolated by the filtration-acclimatization method (21) from the pelagic zones of three lakes and one pond located in Austria and the People's Republic of China (Table 1 ; for a brief characterization of the sampling habitats, see reference 21). The phylogenetic position of the isolates was determined by comparative 16S rRNA gene sequence analysis (M. W. Hahn et al., submitted for publication).
In our predation experiments the nonfilamentous bacterium P. putida strain MM1, which is a medium-sized prey of good food quality for bacterivorous nanoflagellates (9) , was used as alternative prey. The axenically cultured bacterivorous nanoflagellate Ochromonas sp. strain DS was used as a model predator (17) .
Long-term predation experiments. (i). Experimental design.
To test the grazing vulnerability of the filamentous bacteria, grazing experiments were conducted separately for each strain. An overview on the experimental design of all predation experiments is presented in Table 2 . Five experiments were conducted. Each experiment consisted of triplicate batches containing Ochromonas sp. strain DS and one of the isolates, as well as one negative control for testing the growth of the isolates without flagellate predation. In addition, one positive control for testing the grazing activity of the flagellate on the well-edible prey P. putida MM1 was also set up.
(ii) Precultures. P. putida MM1 was cultured in 9-g liter Ϫ1 NSY medium, harvested by centrifugation, washed, resuspended in inorganic basal medium, killed with heat (70°C, 2 h), and stored at Ϫ20°C until it was utilized in the predation experiments as a reference strain (for the preparation of NSY organic and inorganic basal medium, see reference 21). The isolates Hylemonella sp. strain WQH1, Hylemonella gracilis WQT2, H. gracilis WQM2, and H. gracilis WQP1 were precultured in liquid 9-g liter Ϫ1 NSY medium, and Spirochaeta aurantia WQM4 was precultured in 3-g liter Ϫ1 NSY medium, until they reached early stationary phase. They were then diluted 10-fold in inorganic basal medium just before the grazing experiments were started. Ochromonas sp. strain DS was precultured axenically with heat-killed P. putida MM1.
(iii) Performance of experiments. Erlenmeyer flasks containing 100 ml of inorganic basal medium were inoculated with high numbers of bacterial cells (Ն13 ϫ 10 6 cells ml Ϫ1 ) and low numbers of Ochromonas strain DS cells (Յ0.3 ϫ 10 4 cells ml Ϫ1 ). The control for testing the growth of the isolates received no flagellates. All the batches were incubated at 15°C with illumination but without continuous shaking. The bacterial and flagellate populations were monitored for periods of 5 to 15 days depending on the development of the bacterial population. Three-milliliter subsamples were taken at 24-hour intervals during the first 5 days and thereafter at 48-hour intervals, fixed with 2% formaldehyde (final concentration), and analyzed by epifluorescence microscopy within 2 days. (Table 2) , as well as one negative control batch containing bacteria without flagellates.
(ii) Precultures. H. gracilis WQT2 (intermediate length), S. aurantia WQM4 (long length), and P. putida MM1 (short length) were selected for "classical" grazing efficiency experiments and for video microscopic observations. Precultures of organisms except P. putida MM1 were prepared as described for the long-term predation experiments. P. putida MM1 was cultured in 9-g liter Ϫ1 NSY medium, harvested by centrifugation, washed, and resuspended in inorganic basal medium. In contrast to the long-term predation experiments, live P. putida MM1 cells were used in these experiments.
(iii) Performance of short-term experiments. Erlenmeyer flasks containing 100 ml of inorganic basal medium were inoculated with different numbers of bacterial cells or mixed bacterial cells and high numbers of Ochromonas sp. strain DS (Ͼ4.5 ϫ 10 4 cells ml Ϫ1 ). One control for testing the growth of the bacteria was free of flagellates. The batches were incubated at 15°C with illumination but without continuous shaking. Grazing experiments with a low concentration of bacteria were run for 5 h and sampled in 1-h intervals. Three-milliliter subsamples were fixed with 2% formaldehyde (final concentration) and analyzed by epifluorescence microscopy within 1 day. Experiments with high numbers of bacteria and flagellates were run for 6 h and monitored at 2-h intervals in the same way as mentioned above.
(iv) Performance of video microscopic observations. Approximately 6 ml of cultures containing a single bacterial strain or mixtures of strains (Table 2) were transferred to an observation petri dish. The flagellates were allowed to attach to the bottom of the petri dish and to adapt to the experimental conditions for 30 min after transfer. The relatively large water volume allowed observation times of up to several hours without significant changes in the culture conditions (e.g., temperature). The feeding behavior was observed with a Zeiss Axiovert 200 microscope equipped with a Plan Neofluar ϫ100/1.3 oil objective. The microscope was connected with a zoom adapter to a C-2400-77B video camera (Hamamatsu) and an S-VHS recorder (AG 6730; Panasonic). Videotape analysis was carried out by using continuous and single-frame playback mode (2, 3) .
In the experiment a single flagellate subpopulation was observed for a total of 25 min as follows: five individual cells were observed subsequently within one petri dish for 5 min each. After each observation period a new flagellate was selected for observation. For each investigated bacterial strain (or combination of bacterial strains), the experiment was repeated in five parallels.
Determination of microbial numbers, size, and cell volume. Bacterial and flagellate abundance were determined as described previously (17, 31) . For the measurement of bacterial cell length and width, images of at least 150 cells per sample were collected with a monochrome charge-coupled device camera (Hitachi Denshi), and sizes were determined with the LUCIA G image analysis systems (Lucia 4.51; Laboratory Imaging, Prague, Czech Republic). Bacterial cell volumes were calculated according to the formula of Andersson et al. (1) .
Grazing rate, clearance rate, and ingestion rate. (i) Long-term predation experiments. The grazing rates (G) (per hour) were estimated from the declining phase at satiating food conditions. At satiating food conditions the per-capita ingestion rates are assumed to be constant, and therefore, we used a linear model (34) that considers losses due to grazing as well as the net growth of bacteria without grazing. In our experiments, no marked growth of bacteria was observed in treatments without grazing due to a lack of substrate supply. The grazing rate was calculated by the equation
, where N 0 and N t referred to the concentrations of bacteria at the beginning and the end of the time interval (⌬t) of decline. The clearance rate (C) (nl flagellate Ϫ1 h Ϫ1 ) was calculated by the equation C ϭ (G ϫ 1,000,000)/F m , where F m (flagellate milliliter Ϫ1 ) was the mean concentration of the flagellate. F m was calculated for the time of an exponential increase, according to the method of Heinbokel (22):
, where F 0 and F t refer to the concentrations of the flagellate at the beginning and at the end of the time interval, respectively. Ingestion rate (I) (bacterial cells flagellate Ϫ1 hour Ϫ1 ) was estimated by the equation I ϭ (N 0 Ϫ N t )/F m /⌬t. Growth rate of Ochromonas sp. strain DS () (hour Ϫ1 ) was calculated by the equation ϭ (ln F t Ϫ ln F 0 )/⌬t, where F 0 and F t denote the concentrations of the flagellate at the beginning and at the end of the time interval (⌬t) of exponential increase.
(ii) Short-term predation experiments. For experiments with a low concentration of bacterial cells, exponential decays were found. The grazing rate was calculated according to the formula G ϭ (ln N 0 Ϫ ln N t )/⌬t while assuming there was no growth of bacteria in the short period. For experiments with a high concentration of bacterial cells, grazing rates, clearance rates, and ingestion rates were calculated in the same way as for the long-term predation experiments while assuming that the abundance of Ochromonas sp. strain DS was stable during the short time of the experiments. A selectivity index for predation of filamentous bacteria (D f ) was calculated by the equation
where C f and C m were clearance rates for tested filamentous bacteria and P. putida MM1. D f can range from 0 (uptake of only P. putida MM1) to 1 (uptake of only filamentous bacteria), with a value of 0.5 indicating nonselective feeding.
(iii) Video microscopy experiments. The definitions of contact, capture, and ingestion were used according to the work of Matz et al. (26) . Contact, capture, ingestion, and overall selectivity index were calculated by the formulas CTSI ϭ
and I f were the observed contact, capture, and ingestion rates for filamentous bacteria, CT m , CP m , and I m were the observed contact, capture, and ingestion rates for P. putida MM1, and A f and A m referred to the initial bacterial abundance of filamentous bacteria and P. putida MM1 (8) . The selectivity index can again range from 0 to 1.
Statistics. One-way analysis of variance (ANOVA) was used to compare the growth rate, clearance rate, and ingestion rate for Ochromonas sp. strain DS in the long-term predation experiments. All pairwise multiple comparisons were, therefore, undertaken by Tukey's test. The t test was used to compare the clearance rates and ingestion rates of Ochromonas sp. strain DS on different bacterial strains in the short-term experiments and video microscopy experiments. The differences between selectivity coefficients and the unselectivity (D f and ␣ ϭ 0.5) in the short-term experiments and video microscopy experiments were tested by using a t test as well (33) .
RESULTS
Morphological characteristics of the investigated organisms. All five isolated bacterial strains (Table 1) are filamentous bacteria with a flexible cell shape. Their mean strainspecific lengths ranged from 4.5 to 13.7 m, and their mean strain-specific cell volume ranged from 0.50 to 1.07 m 3 ( Table  3 ). All five strains possess small cell diameters in a range from 0.31 to 0.38 m. Large ranges of length and cell volume were observed for each population (Table 1) . When growing on NSY agar plates, all five strains demonstrated the ability to penetrate and grow inside the agar. Based on phenotypic traits and results from comparative analysis of the 16S rRNA gene sequences, the isolates were preliminarily classified as Hylemonella spp. and S. aurantia (Table 1) .
In the performed experiments, the average cell diameter of the flagellate Ochromonas sp. strain DS depended on the food conditions and therefore ranged from 4 to 8 m.
Long-term predation experiments. Ochromonas strain DS preyed successfully on all five strains of filamentous bacteria (Table 3 ; Fig. 1 ). With predation, the population of the filamentous bacteria decreased in the course of the experiments from initial numbers of more than 13 ϫ 10 6 cells ml Ϫ1 to less than 1 ϫ 10 6 cells ml Ϫ1 . In contrast, in the control batches containing no flagellate, the bacteria did not change markedly in numbers (Table 3 ). In the case of H. gracilis WQM2, an increase of cell numbers was observed towards the end of the experiment. In all experiments an exponential increase of flagellate numbers was observed (Table 3 ; Fig. 1 ). The rates ( The size distribution of S. aurantia WQM4 (the largest investigated strain) was analyzed over the course of the experiment (Fig. 2) . No size shift was observed from the starting point of the experiment to the 120th h, when the abundance of S. aurantia WQM4 was already decreased by the flagellate to 0.74 ϫ 10 6 cells ml Ϫ1 (5.7% of the initial value). Later the size distribution shifted towards larger cells. In the control batch without predation, a shift of the size distribution towards smaller cells was observed.
Short-term predation experiments. Ochromonas sp. strain DS that was fed with the mixture of P. putida MM1 and S. aurantia WQM4 at a low abundance (Fig. 3A) showed a higher clearance rate (P ϭ 0.002 [t test]) and ingestion rate (P ϭ 0.007 [t test]) for P. putida MM1 than for S. aurantia WQM4. The flagellate selected negatively for S. aurantia WQM4, with a selectivity index of 0.23 Ϯ 0.06 (P Ͻ 0.01 [t test]). When the flagellate was fed with a mixture of P. putida MM1 and H. gracilis WQT2 at a low food concentration (Fig. 3B) , it also showed a higher clearance rate (P ϭ 0.001 [t test]) and ingestion rate (P ϭ 0.017 [t test]) for P. putida MM1 than for H. gracilis WQT2. The flagellate selected negatively for the filamentous H. gracilis WQT2 as well (D f ϭ 0.11 Ϯ 0.04; P Ͻ 0.
[t test]).
In the experiment with high concentrations of the mixture of P. putida MM1 plus H. gracilis WQT2 (Fig. 4B) , the flagellate showed a slightly higher clearance rate and ingestion rate (P ϭ 0.059 [t test]) for P. putida than for H. gracilis WQT2. The selectivity index for H. gracilis WQT2 was 0.25 Ϯ 0.14 (P Ͻ 0.1 [t test]). However, no clearance rates and ingestion rates (P ϭ 0.188 [t test]) were found to be largely different when the flagellate was fed with P. putida MM1 and H. gracilis WQT2 separately at high food concentrations (Fig. 4A) . Clearance and ingestion rates for predation of a single strain by the flagellate did not differ from total clearance and ingestion rate of feeding by the flagellate on the mixture of P. putida MM1 and H. gracilis WQT2 ( Fig. 4A ; P ϭ 0.372 [one-way ANOVA]). Selectivity for H. gracilis WQT2 by the flagellate at a low food concentration did not differ significantly (P ϭ 0.171 [t test]) from that observed at satiating food conditions. Video microscopic observations. The direct observation of predation by Ochromonas sp. strain DS showed that the flagellate was able to ingest all of the five strains of filamentous bacteria. We observed that the flagellate did not respond to each contact with the filamentous prey. When filamentous bacteria hit the flagellate cell at low speed, the flagellate frequently failed to react to the contact. Contacts by filamentous bacteria drifting at higher speed were very frequently responded to by the flagellate. The contact and capture rates for the flagellate with P. putida MM1 and the filamentous bacteria were not significantly different in all experiments (Table 4) . No positive contact and capture selectivity were observed (Table  4) . When the flagellate responded to contacts with filamentous FIG. 1. Predation on S. aurantia WQM4 by Ochromonas strain DS in the long-term predation experiments (also see Table 2 ). Development of the flagellates and the S. aurantia WQM4 populations with and without predation are shown. Average cell numbers and standard deviations (error bars) for the three parallel preparations are shown except for the control experiment with S. aurantia WQM4 without predation. bacteria, it often did not complete the ingestion process successfully. The flagellate built pseudopodia-like structures around the bacterium but could not always manage to enclose the bacterium completely. In these cases, usually an empty vacuole (containing water only) was formed, and the bacterium drifted away or stayed attached to the cell body of the flagellate for a while. A second attempt to ingest such an attached bacterium could be observed up to several minutes after the original contact. Failure to ingest a filamentous bacterium increased with increasing bacterial cell length, but even the longest bacterial filaments were observed being ingested occasionally. Lack of response to contact and failure in ingestion attempts were not frequently observed for the prey P. putida MM1. In all experiments using mixed bacteria as food, the flagellate showed a higher ingestion rate with P. putida MM1 than with filamentous bacteria (Table 4) . Furthermore, negative selection for H. gracilis WQT2 and S. aurantia WQM4 were observed. The food concentration had no obvious effect on selectivity for H. gracilis WQT2 (Table 4 ) (P ϭ 0.958 [t test]). No strong difference in ingestion rates for P. putida and H. gracilis WQT2 were found when the flagellate was fed separately with the two strains at a high food concentration (Table 4) .
DISCUSSION
Although many laboratory and field studies have suggested that filamentous bacteria may be resistant to predation by bacterivorous flagellates (15, 16, 17, 18, 23, 24, 36, 38, 39) , to date only a few investigations including direct observation of the predation of filamentous bacteria have been performed (2) . We isolated several filamentous bacterium strains with flexible cell shapes and investigated the predation of these filamentous bacteria by the nanoflagellate Ochromonas sp. strain DS. Relatives of these bacterial strains have been found in aquatic habitats (6, 7), but not much is known about their ecology. Are filamentous bacteria generally protected against predation by interception-feeding flagellates? The results of our experiments challenge the current assumption that filamentous bacteria are protected from grazing by bacterivorous nanoflagellate. Our experiments clearly showed that Ochromonas sp. strain DS is able to prey on all five filamentous strains. Furthermore, the flagellate exhibited exponential increases in cell numbers in all of the experiments (Table 3 ; Fig. 1 ).
Previous studies with other filamentous bacteria suggested that these strains formed populations consisting of two differently sized subpopulations that were sensitive and resistant to flagellate predation (17, 18) . In contrast, the constancy of the size distribution of S. aurantia WQM4 under intensive predation (Fig. 2) , as well as the direct observation of many predation events by video microscopy, indicated that the flagellate is not just preying on the smaller-sized subpopulations of the filamentous strains. The observed shift of the length distribution of S. aurantia WQM4 incubated in the absence of the flagellate toward smaller sizes at the 168th h of grazing could be caused by starvation, while the shift toward a larger cell size under grazing could be a result of enhanced bacterial growth due to the release of organic matter resulting from the grazing of the flagellate. Furthermore, even the smallest cells of some of the investigated strains showed cell lengths above most of the suggested size limits for separation of predation-sensitive and protected bacterial cells (20, 30) . The investigated filamentous bacteria differ from other filamentous bacteria in the flexibility of their cells. This flexibility may have influenced the vulnerability of the investigated bacterial strains. Obviously, further investigations concerning the influence of this trait on the edibility of filamentous bacteria for nanoflagellates need to be conducted.
In the long-term grazing experiments, different ingestion rates were found among different bacterial strains (Table 3 ). The ingestion rates were in general negatively correlated with the average length of the bacteria, including the medium-sized P. putida MM1 (Fig. 5) . Despite significant differences in ingestion rates for the different filamentous strains, ingested bacterial cell volume and the growth rate of Ochromonas sp. strain DS were similar for all bacterial strains (Table 3) . We assume that this could be a result of satiated food conditions.
We clearly demonstrate that filamentous bacteria are not generally protected against predation by nanoflagellates. To reveal whether this holds true for the majority of filamentous bacteria, more investigations are needed.
Is prey size positively correlated with prey-predator contact probability? Size-selective feeding of interception-feeding nanoflagellates, such as Ochromonas sp. strain DS, has been explained to be a passive mechanism in which prey size determines the contact rate (11) and subsequently the ingestion rate (12, 13) . The geometric model of prey capture by flagellates (11) was modified by Monger and Landry (27) to include the hydrodynamic boundary effects and surface forces (27) . Evidence for this model was provided by comparing the size distribution of available prey with the size distribution of ingested prey in the food vacuoles, as well as by determination of ingestion rates for artificial prey with a narrow size range (10, 12, 13, 28, 35) . Video microscopic observation allowed us to investigate selectivity during the different steps (3). We found no positive correlations between contact probability and bacterial size (Table 4) . It is not clear to what extent these findings can be generalized for all filamentous bacteria or only hold true for the investigated strains.
Is the feeding of interception-feeding flagellates size selective? Recent studies have shown that overall food selection of nanoflagellates is composed of active (ingestion efficiency and differential digestion) and the above-mentioned passive selection mechanisms (4, 5) . Both our classical feeding experiments and the microscopic observations have shown that Ochromonas sp. strain DS prefers P. putida MM1 over S. aurantia WQM4 and H. gracilis WQT2 ( Fig. 3 and 4 ; Table 4 ). The selectivity did not depend on food concentration as is expected for active food selection mechanisms (5). On the one hand, ingestion of filamentous bacteria was often unsuccessful irrespective of the food concentration. On the other hand, there were no differences in ingestion rates (Table 4) for P. putida MM1 and H. gracilis WQT2 in experiments with single prey. We therefore conclude that food selectivity was due to a passive selection mechanism favoring ingestion of small prey irrespective of the food concentration. Our live observation showed that with filamentous bacteria, only every fourth to fifth captured bacterium was ingested successfully even at nonsatiating food concentrations. In contrast, for P. putida MM1, nearly each captured bacterium was ingested successfully as long as food concentrations were not satiating. This resulted in the observed food concentration-independent selectivity in the presence of alternative prey but comparable predation efficiency when only one strain was present at a satiating food concentration. It can be assumed, however, that the filamentous bacterium strains are a less suitable food when offered at lower, nonsatiating food concentration, since the lower ingestion efficiency may then become important even without the presence of an alternative food source.
It has been suggested that food selection (active food choice) by flagellates is primarily dependent on food concentration (5, 25) . We found no influences of food concentration on the selective feeding by the flagellate during ingestion (Table 4). This could be due to the fact that the concentrationdependent feedings observed by other authors were based on the different food quality (beads and bacteria) instead of food size. Selection based on food quality may be an active receptormediated selectivity (5, 29) . The fact that in our study feeding was selective, independent of food concentration, supports the conclusion that the food size selection is passive rather than active. The responsible mechanism for the investigated filamentous bacteria, however, is the decreasing ingestion efficiency rather than the probability of contact. Even though the flagellate does not actively select small prey, this can be a selective advantage for the investigated filamentous bacteria.
Conclusions. Current assumptions on the grazing resistance of filamentous bacteria and size-selective grazing do not match our results from experiments with filamentous bacteria. The size of Ochromonas sp. strain DS is a bit larger than that of typical freshwater nanoflagellates; however, these small differences in size cannot explain the observed predation on large filamentous bacteria. More likely, size alone is not sufficient to define a refuge for filamentous bacteria from nanoflagellate predation. More research is needed to reveal the role of flexibility of cells in the interaction between filamentous bacteria and nanoflagellates. We provide evidence that the relevant selective step for the flagellate's feeding on filamentous prey is the efficiency of ingestion and not the probability of contact. It is unknown whether the results obtained in this study can be generalized for all filamentous bacteria of a comparable size. The investigated filamentous bacteria are not protected from nanoflagellate predation but have a selective advantage due to the decrease in the flagellate's ingestion efficiency with increasing length of the bacteria.
